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(54) Use of antithrombin III to increase placental blood flow 

(57) A method for increasing the placental blood 
flow, which comprises administering a human-origi- 
nated antithrombin-lll. The human-originated anti- 
thrombin-IN increases the placental blood flow in 
mammals and particularly improves intrauterine growth 
retardation caused by a decreased blood flow. The 
method is highly safe to the mother and fetus, since it 
uses human-originated AT- II I as an active ingredient, 
thereby enabling effective and safe treatment of intrau- 
terine growth retardation (IUQR) and the like. 
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Description 

The present invention relates to a method for increasing the placental blood flow by the use of a human-originated 
• antithrombin-lll (hereinafter to be referred to as AT-III) as an active ingredient. 

5 AT-III is one kind of glycoproteins belonging to ct2-globulin present in blood plasma and has a molecular weight of 

65,000-68,000. It has an inhibitory activity on the Wood coagulating protease and strongly inhfoits the coagulative activ- 
* ity of thrombin. 

In addition, AT-III has, besides inhibitory activity on thrombin, an inhibitory activity on other coagulation factors such 
as activated factor X and activated factor IX. It has been reported that AT-III has an inhibitory activity on plasmin and 
10 trypsin. These inhibitory activities are known to generally proceed more quickly in the presence of heparin. 

AT-III having such pharmacological action is used for the correction of abnormally enhanced coagulation, specifi- 
cally for the therapy of disseminated intravascular coagulation (DIC). 

It has been considered that a reduced placental blood flow is responsible for intrauterine growth retardation (IUGR) 
observed in gestosis, exerting detrimental effects on the fetus. However, a medicament or a method for increasing the 
15 decreased placental blood flow has not been found. As a result the means for protecting the fetus has been the sepa- 
ration of the fetus from the mother, namely, cesarean section. 

It is therefore an object of the present invention to provide a method for treating the above-mentioned diseases, 
without cesarean section, thereby achieve the normal growth of the fetus in the body of its mother. 

As a result of the intensive studies done by the present inventors, it has been found for the first time that AT-III used 
20 for the correction of abnormally enhanced coagulation can increase the decreased placental blood flow without exerting 
harmful influence on mother or fetus. 

Accordingly, the present invention concerns the following aspects: 

(1) a method for increasing the placental blood flow, which comprises administering a human-originated anti- 
25 thrombin-lll, 

(2) the method of (1) above, wherein the human-originated antithrombin-lll is administered in a dose of 1-1,000 
units/kg body weight/day, 

(3) the method of (1) above, comprising administering the human-originated antithrombin-lll to a patient with a dis- 
ease accompanying a decreased placental blood flow, 

30 (4) the method of (2) above, comprising administering the human-originated antithrombin-lll to a patient with a dis- 
ease accompanying a decreased placental blood flow, 

(5) the method of (3) above, wherein the disease is gestosis, 

(6) the method of (3) above, wherein the patient is carrying a fetus with intrauterine growth retardation, 

(7) the method of (4) above, wherein the disease is gestosis, 

35 (8) the method of (4) above, wherein the patient is carrying a fetus with intrauterine growth retardation, 

(9) use of a human-originated antithrombin-lll for the manufacture of a therapeutic agent for increasing the placen- 
tal blood flow, 

(10) use of a human-originated antithrombin-lll for the manufacture of a therapeutic agent of the diseases accom- 
panying a decreased placental blood flow, 

40 (1 1 ) the use of (1 0) above, wherein the disease is intrauterine growth retardation or gestosis, and 

(12) the use of any one of (9) to (1 1) above, wherein the therapeutic agent is administered in a dose of 1 -1 ,000 
units/kg body weight/day. 

BRIEF DESCRIPTION OF THE DRAWING 

45 

Fig. 1 is a graph showing the placental blood flow measured in Experimental Examples 1 and 2. 

The AT-III to be used in the present invention is not particularly limited as long as it is human-originated and has 
been purified to the extent that it can be used as a pharmaceutical agent. For example, it can be purified from whole 
blood, blood plasma, serum or serum etc. obtained by compression of coagulated blood of human. The blood to be 
so used preferably tests negative against HBs antigen and anti-HIV antibody, and shows not more than twice the normal 
value of GTR 

The starting material for preparing AT-III may be, for example, fraction IV- 1 or IV, or supernatant I or ll+lll obtained 
by Conn's fractionation of blood plasma. 

AT-III can be purified by a method described in, for example, USP 3,842,061 and USP 4,340,589. 
55 AT-III can be prepared by, for example, cell culture (e.g., EP-339919), genetic engineering (e.g., EP-90505) and the 
like. Alternatively, a commercially available AT-III preparation such as Neuart (trademark, manufactured by The Green 
Cross Corporation) can be used. 

The AT-III which is used as an active ingredient in the method for improving the placental blood flow of the present 
invention improves placental Wood flow in mammals such as human, dog, cow, horse, mouse and rat, and is effective 
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in the treatment of the diseases caused by the decreased placental blood flow, such as intrauterine growth retardation 
(IUGR). * 

The method for improving the placental blood flow of the present invention is highly safe for the fetus and mother, 
especially of human, since it contains human-originated AT-III as an active ingredient. 

5 According to the method for improving the placental blood flow of the present invention, the use of AT-III increases 

the blood flow in the placenta, thereby normalizing the amount of the nutrition, oxygen etc. to be supplied to the fetus. 

The human-originated AT-III used in the present invention may contain pharmacologically acceptable additives 
(e.g., carrier, excipient and diluent), stabilizers or components necessary for formulating preparations, which are gen- 
erally used for pharmaceutical products, as long as it does not adversely affect the object of the present invention. 

10 Examples of the additives and stabilizers include saccharides such as monosaccharides (e.g., glucose and fruc- 
tose), disaccharides (e.g., sucrose, lactose and maltose) and sugar alcohols (e.g., mannitol and sorbitol); organic acids 
such as citric acid, malic acid and tartaric acid and salts thereof (e.g.. sodium salt, potassium salt and calcium salt); 
amino acids such as glycine, aspartic acid and glutamic acid and salts thereof (e.g., sodium salt); surfactants such as 
polyethylene glycol, polyoxyethylene-polyoxypropylene copolymer and polyoxyethylenesorbitan fatty acid ester; 

is heparin; and albumin. 

The AT-III and the above-mentioned ingredients are admixed as appropriate to give powder, granule, tablet, cap- 
sule, syrup, injection and the like, which are administered orally or parenterally. The preferred mode is intravenous 
administration. 

The mixture of AT-III and pharmacologically acceptable additives is preferably prepared as a lyophilized product. 
20 and dissolved for use. Such preparation can be prepared into a solution containing about 1 -100 units/ml of AT-III. by dis- 
solving same in distilled water for injection or sterile purified water. More preferably, it is adjusted to have a physiologi- 
cally isotonic salt concentration and a physiologically desirable pH value (pH 6-8). 

While the dose is appropriately determined depending on symptom, body weight, sex, animal species and the like, 
it is generally 1-1,000 units/kg body weight/day, preferably 10-500 units/kg body weight/day of AT-III for a human adult. 
25 which is administered in one to several doses a day. In the case of intravenous administration, for example, the dose is 
preferably 10-100 units/kg body weight/day. 

In the present specification, the titer of one unit of AT-III corresponds to that of the AT-III contained in 1 ml of normal 
human blood plasma. 

The present invention is described in more detail in the following by illustrative Experimental Examples and Exam- 
30 pies, to which the present invention is not limited. 

Experimental Example 1 

(1) Test method 

35 

Wistar rats in the pregnancy of 1 6-20 days were anesthetized with pentobarbital (40 mg/kg) and two catheters were 
inserted into ventriculus sinister and right femoral artery. At least one hour after the above surgery, the rats were sub- 
jected to the following tests. 

AT-III (manufactured by The Green Cross Corporation) or physiological saline (control) was bolus-administered 
40 from the tail vein in a predetermined amount shown in Table 1 below, and continuously administered at the rate shown 
in Table 1 for 2 hours and 5 minutes from the initiation of the administration of AT-III or physiological saline. 



Table 1 





bolus- 
administered 


administration 
rate 


AT-III 
control 


300 U/Kg 
3.3 ml/kg 


75U/kg/h 
0.83 ml/kg/h 



Immediately after the completion of the administration of AT-III or physiological saline, physiological saline contain- 
ing 57 Co-labeled radioactive microspheres (about 100,000, diameter 15.5±0.1 *im) was injected from the ventriculus 
55 sinister. This microsphere solution was a solution of the above-mentioned microspheres homogeneously dispersed in 
physiological saline (0.5 ml) containing 0.01 % Tween 80 by ultrasonic treatment. The arterial blood to be the control was 
taken from the right femoral artery at 0.458 ml/min over one minute starting from 5 seconds before the injection of the 
microsphere solution. Immediately after taking the control blood sample, the rats were subjected to thoracotomy and 
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perfusion with physiological saline (250 ml). The residual blood in the blood vessels was removed to the greatest pos- 
sible extent. The placenta was removed, wiped on the surface and weighed. 



* (2) Determination of placental blood flow 

5 

The radioactivity (CPM, counts per minute) of 57 Co in the injected microsphere solution, control blood and tissue 
4 sample was counted using a y-counter, based on which the placental blood flow was calculated from the following for- 
mula: 



io Placental blood flow = radioactivity (CPM) of placenta/radioactivity (CPM) of control blood* 

0.458 (ml/min)/weight of placenta (g) 

The average (n=7) of the determined placenta] blood flow of the control group and the group administered with AT- 
15 111 is shown in Fig. 1. The group administered with AT- III snowed a remarkable increase in blood flow as compared to 
the control group. 

Experimental Example a 



20 (1) Test method 



The plasmin inhibitor tranexamic acid (200 mg/kg) was intravenously administered to suppress fibrinolysis in the 
animals that underwent the same surgery as in Experimental Example 1. Then, 125 l-fforinogen (0.5 \iC\) dissolved in 
physiological saline was intravenously administered. 
25 Then, AT-III (manufactured by The Green Cross Corporation) or physiological saline (control) was bolus-adminis- 
tered from the tail vein in a predetermined amount shown in Table 2 below, and continuously administered at the rate 
shown in Table 2. 





bolus- 
administered 


administration 
rate 


AT-III administration 1 
AT-III administration 2 
control 


60U/kg 
300 U/kg 
3.3 ml/kg 


15U/kg/h 
75 U/kg/h 
0.83 ml/kg/h 



40 Five minutes after the initiation of the administration of AT-III or physiological saline, thromboplastin (Thromboplas- 
tin • C. manufactured by International Reagents Corporation) derived from rabbit brain was injected via the catheter 
inserted into ventriculus sinister at 9 ml/kg/h over one hour. The thromboplastin derived from rabbit brain was used after 
adjusting to a concentration of 0.48 ml/ml. The administration of AT-III or physiological saline was continued until one 
hour after the completion of the tissue thromboplastin administration, namely, for 2 hours and 5 minutes from the initia- 
ls tion of the administration of AT-III or physiological saline. 

Immediately after the administration of AT-III or physiological saline, 57 Co-labeled radioactive microspheres were 
injected as in Experimental Example 1 . Thereafter, the control arterial blood was taken and the placenta was removed 
in the same manner as in Experimental Example 1 . 



so (2) Determination of placental blood flow 

The radioactivity of 125 l and ^Co in the injected microsphere solution, control blood and tissue sample was 
counted using a y-counter, based on which the placental blood flow was calculated in the same manner as in Experi- 
mental Example 1. The results are shown in Fig. 1 together with the results of Experimental Example 1. The group 
55 administered with AT-III showed a remarkable increase in blood flow as compared to the control group. 
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Experimental Example 3 

The acute toxicity (LDso) was determined to find no difference between male and female of mouse and rat and 
LD50 was not less than 15,000 units/kg body weight for both intravenous administration and oral administration, and not 
5 less than 20,000 units/kg body weight for subcutaneous administration. In monkey (male), it was not less than 6.000 
units/kg body weight by intravenous administration. 

Example 1 

10 A paste (10 kg) of fraction IV- 1 obtained by Conn's cold alcohol fractionation was suspended in physiological saline 
(100 L) and barium sulfate was added to a concentration of 5% (w/v). The mixture was stirred at room temperature for 
30 minutes to remove trace prothrombin by adsorption thereof to barium sulfate. The supernatant was adjusted to pH 
6.5 and polyethylene glycol #4000 was added to a concentration of 13% (w/v). The resulting precipitate was removed 
by centrifugation. Polyethylene glycol #4000 was further added to a concentration of 30% (w/v) and the resulting pre- 

is cipttate was removed by centrifugation. The precipitate was dissolved in cold physiological saline (ca. 20 L) and poured 
onto a column packed with heparin sepharose previously adjusted with physiological saline to allow adsorption of AT-III 
onto the heparin sepharose column. The column was washed with an aqueous solution of 0.4 M sodium chloride to 
remove impurity proteins. An aqueous solution of 2.0 M sodium chloride was passed through the column, and the 
eluted fractions were recovered. 

20 Sodium citrate was added to the aqueous solution of AT-III to a final concentration of 0.6 M. The mixture was 
adjusted to pH 7.8 and subjected to a heat treatment at 60°C for 10 hours. The mixture was dialyzed against 0.9% 
aqueous sodium chloride solution overnight to concentrate into 1% (w/v) aqueous AT-III solution, which was filtered or 
centrifuged as necessary to give a transparent liquid. 

To this 1% (w/v) aqueous solution of AT-III were added 2% (w/v) man nit ol and 0.2% (w/v) sodium citrate, and the 

25 mixture was diluted with a small amount of cold distilled water to the sodium chloride concentration of 0.5%, adjusted 
to pH 7.6 with 1 N sodium hydroxide, sterilized by filtration through a sterile Millipore filter, dispensed by 500 units and 
lyophilized to give a dry preparation. 

Example 2 

30 

A lyophilized product containing, in one vial, 
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AT-III 


500 


units 


Mannitol 


200 


mg 


Sodium chloride 


50 


mg 


Sodium citrate 


52 


mg 



40 

was dissolved in 20 ml of distilled water for injection to give an intravenous injection. 

The AT-III to be used in the present invention increases the placental blood flow in mammals and particularly 
improves the diseases caused by the decreased blood flow, such as intrauterine growth retardation (lUQR). According 
to the method for improving the placental blood flow of the present invention, the placental blood flow can be increased 
45 to be able to protect the fetus from said disease, thereby ensuring normal growth of the fetus in the body of the mother. 
In addition, the method for improving the placental blood flow of the present invention is highly safe to the mother and 
fetus, since human-originated AT-III is contained as an active ingredient. Hence, the method of the present invention 
can effectively and safely treat intrauterine growth retardation (IUGR) and the like. 

so Claims 

1 . Use of a human-originated antithrombin-lll for the manufacture of a therapeutic agent for increasing the placental 
blood flow. 

55 2. Use of a human-originated antithrombin-lll for the manufacture of a therapeutic agent of the diseases caused by a 
decreased placental blood flow. 

3. The use of Claim 2. wherein the disease is intrauterine growth retardation or gestosis. 
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4. The use of any one of Claims 1 -3, wherein the therapeutic agent is administered in a dose of 1 -1 ,000 units/kg body 
weightfday. • » 
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